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9. The magnitude d_of the error in sound ranging.—Let us
consider the reduced problem in which the time is given
for two stations A and B, then G lies on one branch of a
hyperbola with 4 and B as foci. Let a be the semi-
major daxis of this hyperbola and let AB=2¢c, then the
equation of the h)}per ola, when the origin is taken at 0,
the middle point of AB, is—

2P ®

If the times vary slightly on account of errors in timing,
while A and B remain fixed, ¢ varies and the hyperbola 18
changed into a confocal hyperbola while the increments
of z,y,a, are connected by the relation

2zdz  2ydy z? 9 _ cy
@ e —q 20d a«+~—“<c=_a=>=]‘2%[l+'<a=—;7>‘=]'

The total displacement of @ is least when

N
de=32y dy=—571L, N=ada,

and then

z? y? i s ]
ds = \/{dz)* + (dy)* =ada) 5+ zgf_—azyz] =dﬂ[1 + (;;:7,;)3]-
If, on the other hand, dz=0, we have

To get an idea of the magnitude of these quantities let us
take the case when ¢=2a?,

cid1+27 Y P
then ds=def 1+% ], day~ -Zaa 1421

If V=1,100 feet a second, an error in timing of 1/100
second may mean an error in 2¢ of 11 feet.

The following table then gives the magnitude of the
error in ranging for different values of the ratio y:c.

TaABLE 2.— Magnitude of error in ranging.

'H3 ds dy
Feet. Feet.
V2 163} 243
ViZ 38} 55
v 3 101
120 2254 3156

When the wind is blowing, the points A and B are dis-
placed slightly from their true positions on account of
the error in timi.nﬁ; but if the wind velocity is as large as
20 feet a second the displacement caused by an error of
1/100 second in timing is only 2 feet.

Let us now estimate the magnitude of the error intro-
duced when the asymptote of the hyperbola is used
instead of the hyperbola. Since the equation of the
asymptotes is :

z’
PR e
we find on subtracting from (8) that 2ydy=c*—a.
Writing ¢* =2a? as before, we find that if AB=2¢=1,000
feet, ¥ = 10,000 feet, dy =6} feet.

MONTHLY WEATHER REVIEW. 11

The error introduced by using the asymptote of the
circular cubic, in the method in which the velocity of
sound is eliminated, is more difficult to determine; it is
probably larger than in the cese just discussed but still
not large enough to be important.

To get some idea of the error in time arising from the
circumstance that sound may travel through the upper
air instead of a.longha. horizontal path, let us consider the
simple case in which there is no wind and the velocity of
sound increases upward. The range is now given by
the formula

2o ginh &
o 2
Taking ¢ =0.04, =10 seconds, we have
7 =0.2, sich %=0.20134, K =55,000 X 0.20134,

—g-—t-so % 0.00134 = 0.067.
1]

The difference in time is thus about 7/100 second in a
range of about 2 miles and may cause a serious error in
sound ranging if no attention is paid to the effect of the
meteorological conditions.

MEAN VALUES OF FREE-AIR BAROMETRIC AND VAPOR
PRBESSURES, TEMPERATURES, AND DENSITIES OVER THE
UNITED STATES.

By WmLis Roy GrEGG, Meteorologist in Charge.
[Dated: Division 'o( Aerologieal Investigations, Weather Bureau,Jan. 31, 1918.)

Although numerous free-air observations have been
made, and are being made, in different parts of the
United States, mean values of certain reduced data have
thus far not been published. Temperature, humidity,
and wind data, as observed at Mount Weather, Va., have
been summarized in the Bulletin of the Mount Weather
Observatory, 1913, v. 6, pts. 4 and 5, and similar sum-
maries of observations by means of sounding balloons
at different points in this country have been presented
in the same publication, v. 4, pt. 4, and in the MoNTHLY
WeatHer Review, July, 1914, and May, 1916. A
Bt;per on_‘“The Planet: System of Convection”’ by

. (now Major) Wm. R. Blair, appeared in the MoNTHLY
WeaTHER REVIEW, April, 1916. e conclusions reached
in the latter paper were based on all available free-air
observations made in the United States and in other
parts of the world. More recently a brief summary,
with special reference to the needs of aeronauts, has been
gl;'epared by Maj. W. R. Blair and published by the

ational Advisory Committee for Aeronautics as Re-

ort No. 13. None of these summaries has included
ree-air pressures and densities. As a knowledge of these
data is of great importance in connection with aviation
and the firing of projectiles, it has been thought best
to publish in brief tabular form their average values as
determined from all available observations thus far
made by the U. S. Weather Bureau in this country.
At a later time similar tables will be furnished for addi-
tional stations which are now being established.

Table 1, below, gives mean monthly, seasonal, and
annual free-air pressures, temperatures, vapor pressures,
and densities as observed at Mount Weather, Va.
Pressures and vapor pressures are expressed in both
metric and dynamic units, temperatures on the centi-
grade and approximate absolute (273 + ¢°C) scale, and
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densities in percentages of standard density (dry air at
760 mm. pressure, 0° C., and latitude 45°, =1.293 kgm.
per cu. m,, approximately) and in kilograms per cubic
meter. The temperatures have been published in the
Bulletin of the Mount Weather Observatory, v. 6, pt. 4,
and are repeated here for convenience in considerin,
them in connection with the other data. They are base
on five years’ observations. The pressures are based on
three years’, and the vapor pressures on one year’s
observations. The vapor pressures are given only to 3
kilometers, observations at higher levels being too few
in number to be accepted as re?iable means, e values
in the first column under “Density’”’ have been com-
puted from the formula

p=b_—0i.§_7’;e x K’
in which
p =density,
b and e=barometric and vapor pressures, respective(l;r,
T=approximate absolute temperature (273 +1°C),
K=a constant, depending upon the conditions of
pressure and temperature that are accepted as standard,
viz, 760 mm. pressure and 0° C., or K = 0.35921.
The values in the second column are obtained by multi-
lying those in the first column by 1.293 kgm. per cu. m.
%alues atsealevel and at an altitude of 500 meters have been
estimated by extrapolation. In computing densities
above 3 kilometers estimated values of vapor pressure,
based on those in Table 3, have been used. The correc-
tion due to vapor pressure at these altitudes is, how-
ever, small.

For the convenience of those who prefer these values
in English units Table 2 has been prepared. In this
table altitudes are expressed in feet, barometric and
vapor pressures in inches of mercury, temperatures in
FaYn'en eit degrees, and densities in percentages of
standard density ( air at 29.92 in. pressure, 32°F.,
and latitude 45°,=0.08071 lbs. per cu. ft.) and in pounds
per cubic foot.

Tables 3 and 4 give data similar to those in Tables 1
and 2, respectivel%y, but are based on sounding balloon
observations at Fort Omaha, Nebr., Indianapolis, Ind.,
Huron, S. Dak., and Avalon, Cal. These observations
are too few in number to give reliable monthly means,
but the seasonal and especially the annual means are
considered fairly representative of conditions in the
Central and Western States.

It should, of course, be understood that the figures
published in all of these tables are not strictly average
values, as they are based for the most part upon observa-
tions made in the daytime. The temperatures in the
lower levels are somewhat higher than the 24-hour means
and the densities therefore slightly lower. In general
they may be said to represent very closely daytime con-

ditions up to about 2,000 meters (1} miles) above sea-
Jevel and both day and night conditions at higher
altitudes.

Table 5 presents the mean annual atmospheric pres-
sures, temperatures, and densities at various heights
above sea level as observed in En%a.nd. This table was
published by C:lpt. H. T. Tizard, R. F. C., in The Aero-
nautical Journal, April-June, 1917, page 109, and con-
tains ‘‘the mean results of a long series of actual obser-
- vations made by Mr. W. H. Dines, F. R. S.”
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For convenience of comparison the annual values of
density, given in Tables 1, 3, and 5 are presented in
Table 6. This table shows that, at low altitudes, higher
densities obtain over England than over the United
States. The former are not corrected for vapor pressure,
but this correction would be small. The difference is
due mainly to the lower tem};leratures in England. At
altitudes above 3 kilometers the agreement is close. So
far as is known to the writer free-air densities have not
been published for other countries, and further com-
parisons are therefore not possible at this time.

Much assistance in the preparation of Tables 1 to 4,
inclusive, has been rendered by Mr. William S. Cloud,
of this division. -

TABLE 1.—Mean freec-air pressures, temperaiures, vapor pressures, and
ities, as observed at Mount Weather, Va.pr

January.
Altitudes
,}"3"‘1’, Pressures. Temperatures. | Vapor pressures. Densities
m. mm. l mb. °C. °A. mm. mb. % |kg.few.m.

0 761.2 ] 1014.9 | — 0.2 272.8 2.09 2.7 1&).1 1.206
500 718.7 ’ 958.2) - 1.3 271.7 2.06 2.75 9%4.9 1.227
528 716.5 955.3 | — 1.3 21.7 2.06 2.75 94.8 1.224
1000 675.11 000.1 | — 2.0 271.0 1.98 2.64 89.4 1.156
1500 634.9 | 846.5 | — 2.9 270.1 1.80 2.40 84.3 1.081
2000 505.2' 793.6 | — 4.0 269.0 1.67 2.23 79.4 1.027
2500 550.1 | 745.5 | — 5.7 267.3 1.42 1.8 75.1 0.971
3000 524.3' 699.1| — 8.2 264.8 1.10 1.47 71.1 0.919
3500 491.8 +  655.7 ( —10.9 . 67.4 0.871
4000 462.0 616.0 | —13.6 64.0 0.827
4500 | *439.9 | *586.5  —16.4 *61.6 [ *0.798
5000 |.......-. i ......... —10.4 1 253.6 |.....coicfurancniii]ennncereiiaiiaioa

February.

0 762:0 | 1016.0 1.1 274.1 3.18 4,24 99.7 1,289
500 717.5 956.6 | — 0.7 272.3 2.41 3.21 94.5 1.222
526 715.5 954.0) — 0.8 272.2 2.40 8.20 94.3 1.219
1000 674.1 808.8 ( — 2.4 | 270.8 L9 2.60 89.4 1.156
1500 632.8 843.7| — 3.4 269.6 1.76 2.35 84.2 1.089

2000 503.7 791.6 ) — 4.8 288.2 1.50 2,00 79.4 1.027
2500 558.0 744.0} — 6.8 266.2 0.93 1,24 75.2 0.973
3000 528.7 608.3( — 9.0 264.0 0.74 0.99 7.2 O.gl
3500 491.6 655.5 | —12.0 . 67.6 0.874
4000 463.3 617.7 | —14.8 64.4 0.833
4500 434.5 579.3 | —17.7 255.3 61.1 0.700
5000 |..cieenraleninannne —~201 ] 2519 |eniiiiifacnaaii e naaneeman .

March

761.7 1 1015.6 6.9 279.9 4.93 8.57 97.5 1.261

500 718.8 958, 4 4.7 277.7 4.19 §.59 92.8 1.200

526 716.1 954.8 4.6 277.8 4.13 5.51 92.5 1,195

1000 675.4 900. 5 2.5 275.5 3.46 4.61 87.9 1.136
1500 634.9 846.5 0.7 273.7 2.75 3.87 83.2 1.076
2000 506.6 795.4| - 13 271.7 2.14 2.85 78.8 1.018
2500 560.2 746.9 1 — 3.8 269. 4 1.43 1.9 74.8 0.965
3000 528.3 701.7| — 6.2 266.8 0.89 1.19 70.8 0.916
3500 405.0 660.0| — 8.9 . 67.3 0.870
4000 464.6 619.5 | —11.8 63.9 0.828
4500 435.8 581.1 1 —15.1 80,7 0.785
5000 414.7 552.9 | -18.1 58.4 0.756

April

0 761.0 [ 1014.6 13.9 286.9 7.92 10.56 94.9 1.2%7
500 718.6 958.1 10.5 283.5 6.68 8.91 90.7 1.178
526 716. 954.9 10.4 283.4 6.82 8.83 90.5 1.170
1000 676.5 902.0 7.4 280.4 5.48 7.31 86.4 1,117
1500 036.5 848.6 4.6 277.6 4.52 6.03 82.1 1.082
2000 598.5 708.0 1.7 214.7 3.63 4,84 78.1 1.010
2500 562.5 750.0 | — 0.9 272.1 , 2.85 3.80 74.1 0.058
3000 528.6 704.81 — 3.6 269. 4 | 2.17 2.8¢9 70.4 0.910
3500 496.1 661.5 — 6.7 208.3 . 66.8 0. 864
4000 464.8 619.7 | - 9.7 263.8 - 63.4 0.819
4500 433.8 578.4 | —13.0 260.0 * 59.9 0.774
5000 402.2 536.3 | —16.0 267.0 - 56.2 0.727
8000 | *362.8 | *483.7 | 22, 250.3 %52.1! =0.673
7000 [-oememee|onnnennes ~29.3 | 2487 lioo.ieeeeiiieenniin. eeenaeas

]

# Based on few observations; figures not regarded as reliable.
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TasLe 2.—Mean free-air sures, temperatures, vapor pressures, end  TABLE 2.—Mean free-air pressures, temperatures, vapor pressures, and
densities, as observed at Mount Weather, Va. (English measures)—Con. dengsities, as observed at Mount Weather, Va. (English measures)—Con.
May. August.
Altitudes Tem; Altitudes
pera- Vapar Tempera- Vapor
u‘bg'f‘ Pressures. tures. pressures. Densities, i"g_‘i. Pressures. tures. pressures, Denslties,

Feat. Inches, *F. Inches ' Lba.jon. f1, Feet. Inches. °F. Inches. Lbs., (3
0 29,98 69.6 045 % 09,4 1% Sies % fes. f
1000 28.04 85.5 .40 90.1 0727 0 30.01 7.4 0.81 20.9 0.0734
2000 27.95 61.3 .38 87.7 .0708 1000 29.02 73.6 .69 88.6 L0715
3000 26.96 57.2 .31 85.3 .0689 27.99 60.6 .58 6.2 . 0696
4000 26.00 63.2 .28 83.0 .0670 3000 27,01 68.0 .48 83.9 0677
5000 25.07 49.5 2 80.6 0851 4000 26.07 62.6 .40 81.5 - 0858

5000 25,16 50.4 .34 79.2 .0840
6000 2417 45.9 0.18 78.3
7000 23.30 42.4 .15 8.1 0614 6000 24.28 56.3 0.20 71.0 0.0631
8000 22.44 39.0 12 73.8 .0508 7000 23.42 53.2 24 4.7 .0803
9000 aL.e1 35.6 .10 71.6 .0678 8000 22.50 50.4 .20 72.5 .0585
10000 20,83 32.4 69.5 0581 ) ;(1’;; g'll g ';g; .0568
11000 20,05 28.9 67.3 0.0544 0000 ) . ’ - 0852
12000 19.29 25.7 85.2 .0527 40.3 66.3 0.
13000 18,54 22.3 63.1 .0510 a7 64.3 .
14000 17.80 18.7 611 -0493 33 62,4
15000 17.08 145 59.2 -0478 60.7
16000 16.35 10.2 57.1 0.0461
17000 15.57 5.9 55.0 . 0444
18000 " 2.3 63.0 .0428
19000 14, — 0.9 5.2 .0413
20000 - 4.0
21000 — 7.3
22000 —10:5
23000 —-13.2
0 30,02 7.5 0.60 92.0 0.0742
June. 1000 29. 04 8.7 .54 0.7 .0724
2000 28.03 5.1 .48 ) . 0704
3000 %'% g;.g 42 g;.g . 0684
0 20.88 73.8 0.56 914 0.0738 4000 X . . . . 0865
1000 m.go g.g .81 gg.o .0710 5000 25.20 56.3 .30 7.9 .0845
2000 .92 . . .
3000 %.94 63.0 .ﬁ ug 6000 24.30 54.0 0.25 77.4 0.0625
4000 25.01 59.5 34 81.9 0661 7000 2.4l i’é‘% }3 ;g.g 85?%
5000 . . 9. 0842 8000 3 . . . .
2.00 5.8 » 8 9000 21,75 45.9 .16 70.5 .0569
6000 24.20 53.2 0.2 7.3 0.0824 10000 20.07 2.6 14 68.4 .0552
7000 23.31 50.0 .20 75.0 .0805
8000 22.49 47.1 17 72.8 . 0387 39.2 |. 6.4 0.0536
» 9000 21.66 43.9 4 70.5 -0560 35.8 |. 64,5 . 0521
10000 20.88 40.6 12 68.5 .0653 S 32.2 62.6 - 0505
28.4 60.7 . 0400
12000 e A ot o0t 281 o9 0478
13000 18.65 29.8 62.5 - 0505 20.8 |.ceeennnnnnn. 57.0 0. 0460
14000 17. 2.1 60.7 .0490
15000 17.32 2.5 50.0 .0476
16000 16.67 19.4 |eerenenencnnes 57.1 0.0461
17000 16.06 16.3 |..... 55.4 .0448
18000 15.48 13.1 ., 53.8 .0434
July. October.
1008 2.0 %.0 o.07 9.2 0 20.07 58.6 0.38 94.6 0.0763
2790 720 ‘8 .6 1000 29.00 55.4 .35 92.1 . 0744
amooo 26,90 &8 ‘35 2.8 2000 28,00 52.2 .31 8.5 0722
4000 26.05 64.0 .3 813 3000 a0 o -2 %9 -giot
6000 .15 o0.4 -3 .1 25.15 4.6 32 81.7 -0660
9000 s 5.8 0.2 Jo.8 6000 .23 2.8 0.20 7.0 0.0638
8000 25 Boa X1 124 7000 23,31 41.0 .17 76.3 . 0616
9000 2173 48.9 15 70.3 0 au o8 x ne - Joee
10000 20.95 43.7 .13 68.2 R - ol i
11000 20,20 40.1 66.3
. 3.3 64,4 gz-g 0-8242}
32.5 62.5 62.8 <0507
.9 0.6 60.8 -0491
25.3 |ouieennnnnn 58.7 58.9 - 0475
nl Y 56.9 0.0450
15.8 L2 gg-g -%‘g
] s IV B i *a4)  r.um
-5 3 IR U R
9.8 {Lo. Ll .
—0.2 Lo

© Based on few observations; figures not regarded as reliable, ¢ Based on few observations; figures not regarded as reliable.
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TaBLE 2.—Mean free-air pressures, temperatures, vapor pressures, and  TABLE 2.—Mean frec-air pressures, lemperalures, vapor pressures, and

densities, as observed at Mount Weather, Va. (English measures)—Con. densities, as observed at Mount Weather, Va. ( English measures)—Con.
November, Summer.
Altttudes Tem: Altitudes
p pera- Vapor Tempero- Vapor :
Ma.bgjri ] Pressures. tures. pressures, Densities. ﬁ‘_"é’_"‘i, Pressures. tures. presﬁures.. Densm_es.
Feet. Inches. °F. Inches. Lbs.jcu. ft. Fect. Inches. °F. Inches. % Lbs.[cu.ft.
0 . 46.2 0.17 % 97.3 ! 0.0785 0 29.83 71.0 0.68 “ 90.7 0.0732
43.2 .15 94.5 . 0763 1000 28.90 73.2 .59 88.4 L0714
40.3 3 9.7 0740 2000 27.92 69.4 .51 6.1 .0695
37.§ 12 8.7 0718 3000 26.98 65.7 4 3.8 L0877
35.2 Al 85.9 4000 28.06 62.2 .38 SL.6 . 0659
33.1 .09 8.1 0671 5000 25.15 58.8 .32 79.3 .0640
31.3 0.08 0.4 0.0649 6000 24.25 55.6 0.27 77.0 0.0622
2.5 .07 7.5 ; 7000 2.37 52.3 22 4.7 .0603
27.3 .07 74.9 0605 2000 22.55 40.3 18 72.6 .0586
24.6 .08 2.5 0585 9000 21.73 46.2 A5 70.4 .0568
21.7 .08 70.2 0567 10000 42.8 12 68.3 .0552
18.5 68.0 0.0549 11000 20.19 30.4 |. 6.3 0.0536
15.4 |0 66.0 .0532 12000 19.45 35.8 64.4 .0520
12.0 . 84.0 0517 13000 18.73 32.2 62.5 - 0504
8.6 | 62.0 0501 14000 18.03 28.8 0.6 0499
5.2 60.1 0455 15000 17.32 25.0 |. 58.7 L0474
19 58.1 0.0469 16000 16.69 21.9 56.9 0.0459
-11 56.3 0451 17000 16.00 18.3 55.3 .0446
—4.0 54.4 0439 -5 53.9 .0435
L2 R KU WY -8 * 52,4 » 0423
3.2
December. 22000 0.0
23000 |......oiillL - 2.9
0 30.01 35.6 0.16 9.4 0. 0802
1000 28.95 33.3 15 96.3 07TIR Fall.
2000 27.90 30.9 18 93.3 .0733
1
d . .9 7 30. . . . X
5000 24.87 27.1 14 83.8 0678 1009 28,8‘,’ ;“5’.3 e gﬁ o %23
. 2000 27.09 52.7 .29 0.4 .o
6000 23.93 0.8 0. 0652 3000 27.02 9.6 .26 8.9 L0701
m g-‘l’g %;,3 %ﬁ?‘ 4000 26.06 47.1 .23 8.2 .0680
e 2.1 .3 oo 5000 25.10 45.0 .20 8.5 .0658
10000 20.49 0.6 -0570 6000 24.17 43.2 0.17 78.8 0.0836
1100 19.72 6.4 0.0532 200 .41 58 4l ni 0886
{g% }g gj &I‘g il 9000 21.58 36.1 18! 1.4 .0578
61, 517 -
Lo =2 e 3y 10000 20.79 3.1 12 69.2
15000 18.81 50.9 D13 11000 23. g; 29. g 67.1 0.0543
wo| 100 eos| coom B Mm| mel CHIEE
14000 17.87 19.9 | 61.2 -04D4
3 15000 17.16 16.5 |- 59.2 .0478
Spring. 16000 16.52 13.1 57.4 0.0463
e Em b g1 o
. , .1 .
0 29.92 57.2 0.31 91.7 0.0765 19000 9 14.87 3.4 * 52.8 * 0426
1000 28.03 53.8 .28 2.2 L0744
3000 .08 ] B &1 -0703
4000 25.96 439 10 815 J0682 ‘ Winter.
5000 25.00 4.0 17 81.9 .0661
30.12 33.3 0.13 100.2 0.0809
00 no B 0.3 73 0.0640 1000 20.05 31.6 ‘12 97.0 . 0783
7000 .19 35.4 .12 6. 8. .0620 .0 a8 z
8000 22.33 32.5 .10 4.4 . 0601 oot .0 5.2 B 93.6 - 0758
9000 21.51 29.5 .08 72.2 .0382 prved o 55 = - :g-g . omm
10000 20.72 . . 70.0 0565 2487 26.6 ‘00 83. 9 : 0678
1300 19.98 i 0.08 23.98 25.3 0.08 81.0 0.0854
13000 1548 8.7 10514 7000 23.02 23.7 .07 8.2 . 0831
- 8000 2216 1.6 08 75.6 .0810
14000 17.76 6.7 .0498 S .16 ne pod e prid
15000 17.04 .7 -0482 10000 20.51 16.3 "0 0.7 L0671
1650 R &1 00468 11000 19.72 1.3 e 0.4 0.0553
18000 15.02 5.0 "0435 12000 18.99 10.2 |l 66.3 .0536
0450 13000 18.31 7.3 0620
Mm ®14.40 52.1 o, by e 4.3 .............. g; .0504
: 15000 16.93 LO (.ol 60.4 L0487
16000 ®16.02 * 51.5 * 0.0404
1017 ) OSSN I 3 ) SRR AT R
18000 [oo.ooililllllt —euo LTIl

® Based on few observations; figures not regarded as reliable. *Based on few observations: 1ot regarded as reliable
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TaBLE 2,—Mean free-air pressures, tem tures, vapor pressures, and TABLE 3.— Mean values of atmospheric pressures, lemperatures, vapor
dengsities, as observed at Mount Weather, Va. (English measures)—Con. pressures, and densilies, based on_sounding balloon observations at
Fort Omaha, Nebr.; Indianepolis, Fnd.; Huron, S. Dak.; and Avalon,
Year. Cal.—Continued.
Summer,
Altitudes
sbove” | Pressure, | Tompen- | Vapor Deasite. Alitudo
M.8.L. : ﬁ‘bé’"f, Pressures. Temperatures. | Vapor pressures. Densities.
Feet. 0 Inch;;.m °F.5o 7 Imhs(a). 3 % 4.5 Lba./cg.{,gl.ﬁ5
d d - - d m. mm. . °C. °A. mm. . % kg./cu.m.
1000 28.93 5.8 3L %.2 <0744 0 761 | 1015 | 26.9| 207.9 1.9  19.92 9.1 1.177
2000 27.04 50. -2 o -0723 500 719 959 | 23.2| 296.2| 11.90 15.87 £6.6 1.120
3000 26.94 47.8 -2 - - 0702 1000 679 905 21.6| 204.8 .35 . 12.47 ¥2. 4 1.085
4000 25.95 45.3 .21 8.2 - 0680 2000 604 805 16.6  289.6| 5.78 - 7.70 74.6 . 965
wo|  mm|  ws|  om|  ome e Sm| B J| | omL x bp) sl i
6000 24.00 40.6 0.15 78.9 0.0637 . -y - e | 5 :
g0 23% 33.: ﬁ 72'? g 5000 419 559 25| 20.5| 130 ' 17 55.6 718
8000 2. 35. . 7. -0598 6000 360 492| — 85| 204.5| 073 | 0.97 50.1 0.647
9000 21.54 32.7 .10 71.8 -0579 7000 324 432] —14.3| 2587| .45 | .60 5.0 .581
wol  wm| stl] me] o B | G TE B ) B @
—27. X 4 1 . .
11000 19.97 67.4 0.0544 —33 ‘os3 i :
e }3‘ ?;I’ 253. f - 85?2 10000 215 27 33.9| 230.1 .073 | .07 323 418
13000 . . . 11000 187 249 | —40.5| 2325| 0.032] o.042] 280 0.374
14000 17. 61.5 -0436 12000 161 215 | —46.8| 225.2 . 014 .019 25.6 .331
15000 e o8 TR Eee| bRl cmop om0l o o) m it
—53. . 4 .005 | .007 9. .
16000 16.40 57.4 0.0464 -
1 i g "7‘7 5“5 ; - 84‘?;2 15000 102 138 56.1 | 2189 .003 .004 16.9 .218
18000 . 24 d . 18000 8% 17| —58.0| 215.0( 0.002! 0.003 14.7 0.180
19000 ¥ 14.78 52.9 -0427 17000 75 100 | -57.3| 215.7 . 003 . 004 12.5 . 162
20000 |..c0uuenn.. 18000 64 85 | —55.5| 217.5 .004 . 005 10.6 .137
19000 55 73 —53.2| 219.8 . 006 . 008 9.0 .116
% T 20000 47 63 —=51.1{ 221.9 . 008 .01 7.6 . 008
28000 [+evneueninnnnn 21000 41 55| —49.4| 22361 o0.000] o.012 6.6 0.085
. 332% gg 4(7) -:z_a.:; g;g. 7 .011 L0153 5.8 '%f
*Based on few observations; figures not regarded as reliable. 24000 27 §6 :4';:9 33{2:: ;353 ;8% jé 054
25000 23 31| —39.7| 233.3 .027 .036 3.5 -048
TABLE 3.— Mean 'valu.c_s of atmospheric pressures, lemperatures, vapor 26000 19 25| —as.5| 231.5] o0, o.n34 20 0.038
pressures, and densities, based on sounding balloobn kobaer-vat-zons at '37000 18 21 —;0.4 22,6 .02 029 2.5 .gg
s O .. . ; . . Dak.; Avalo; 3000 15 20| —37.0| 236.0| .038 .050 2,3 .
{:o;t Omaha, Nebr.; Indianapolis, Ind.; Huron, S and Avalon, B0 n Nl Z3e| ze0 -0 -030 23 - 350
at. 30000 12 16| —34.8] 23%.2 046 . 061 1.8 .023
Spring. 31000 1 15 —31.0] 2%9.0| o0.051| 0.068 1.6 0.021
32000 10 13 —41.9] 2811 . 004 . 005 1.5 .
Altitude
above Pressures, Temperatures. | Vapor pressures. Densitjes.
M. 8. L. Fall,
0 759 1012 2.8 2068 100 | 14.67 91.4 .182
L L o - Sy 500 719 959 | 19.5| 202.5| @00 | 1200 7.9 1,138
s LY Zee| 77| =92 1000 478 o 149! 28790 7.8 ' “gn 3.2 1.080
] b gt ¥ 7ol 2000 603 801 1.2} 2:.2| 500 1. 66 76.2 0.986
000 gw 50| 3es 525 3000 532 709 3.8( 276.8| 2.99 3.99 69.0 . 893
200 i F3el 2N 3B 4000 o 624 ~3.1| 209.9| 169 2.25 62.2 . 804
proed i el Ta| 38 5000 413 551 —o09( 2631 o.97 1.29 56.4 .729
( —23. 49. 6 . « 3 .
gggg aa7 ﬁg-g 0.42 0-245 5000 274 w8 —an6| 24241 12| 1| 400 .59
e g,m Brsl B g 9000 240 an | —37.3| ;5.7 066 | .0sS] 36.6 473
fooed F4 206 1026 bt 10000 w7l me | —437 .3 09l 0w a4 419
10000 201 222 11000 178 27| —0.3] 227! 0.015{ o.020]| 284 0.367
11000 1 12000 153 204 | —522] 0.8 010 .013) 219 .332
10 1 13000 131 175 | —53.9] 219.1 .00 .0 21,5 .278
13000 15 14000 3. 151 —3513| 2187 .007 . 009 15.6 .240
15000 95 127 —55.5| 217.5 L 006 L0083 15.7 . 203
14000 109
15000 95 16000 82 | —35.41 27.6| 0006 o000s| 13.5 0.175
16000 8l 17000 70 93| ~55.0 218.0] .005 .07 1L5 .149
16000 o 15000 60 S| —8%5| 2195 . 006 .8 9.8 127
A -4 19000 | 52 69| —5L.0| 2220 008 .o11 8.4 100
ieesd o 20000 | 45 6] —47.2] 225.8 .0L4 L0138 7.2 .093
20000 a2 21000 | 39 52| —4.6] 284! 0019 002 6.1 0.079
21000 37 22000 34 45| —42.5| 32305 .028 . 034 5.3 .068
Lt 2 23000 29 39| —39.9| 331 L0042 .056 4.5 .058
o] o 24000 25 B| —37.2| 258 075 . 100 3.8 .049
00 n 25000 22 29| —422| 0.8 002 | 003 3.4 044
18 19 25| —40.2| 22.8| 0.002] 0.003 2.9 0.0338
27000 17 23| —39.7| 233.3 .002 .003 2.8 . 034
28000 14 19| —40.1| 232 002 .003 2.2 .028
20000 12 18| —40.5( 2325 .002|  .003 1.8 .021
30000 10 13| —40.8) 2322 002} . 1.6 .020

45906-—18——2
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TaABLE 3.—Mean values of aimospheric pressures, temperatures, vapor ~ TABLE 4.—Mean values of atmospheric pressures, temperalures, Vapor
essures, and densities, based on sounding balloon observations af gcsmes, and densities, based on sounding balloon observations at
t Omaha, Nebr.; Ind’ianapolic, Ind.; Huron, 8. Dak.; and Avalon, 'ort Omaha, Nebr.; Indianapolis, Ind.; Huron, S. Dak.; and Avalon,

Cal.—Continued. Cal. (English measures).
Winter. Spring.
Altitude Altitude . -
‘Ebg.vi ] Pressures. Temperatures. | Vapor pressures. Densitles. _‘?.bg'vi ' Pressures. Tttﬁ‘r%im' pr:s&;sgs. Densities.
m. mm. . °C. °A. mm. mb. [ kg./cw.m. Feel. Inches. °F. Inches. % bs.jcu. f¢.
of ™7es| Mow0| 60| omo| 40 | 453 | 2 1.20 0 29,80 62.4 0.373 WY R
g0 70| 'se0| 21| Za1| Zee | 395 | 930 1214 1000 28.82 59.2 .33 90.9 .0734
100| 677 98] —15| 271.5| 243 | 330 | a4 1157 2000 27.84 56.1 .287 88.3 -0713
00| so7| 798| —33| 26007| re2 | 243 | 794 1027 3000 26.85 52.7 -245 85.8 :
s000f 5%{ 01| —78| 252| Lol | 135 | 7.2 0.920 4000 25.87 49.5 21 £3.2 ~0673
ao0| 4e2| 68| —129| 260.1| o057 | o078 | 6B -8% 5000 21,02 46.4 87 80.7 ~0651
5000 40| 53| —10.4| 2586 .2 | .35 | 572 .70
6000 24.02 13.3 0.166 18.3 0.0633
o00| 352 69| —201| e9({ o1 | 019 [ L2 0.602 7 715 40.3 -149 75.9 .0813
7000| 906| 408| —s30| 200| .05 | .07 | 458 - 592 5000 298 87.4 J133 73.5 -0503
8000 | 265 90| =;e0| o8| lo3m| 0.7 -526 9000 2146 34.5 8 7.3 -0575
o000| 22| 305\ —as1| 2re| lows| oy a1 Ja67 10000 2.3 31.6 1105 68.9 20558
10000 197| 23| —s8l6| 24 2| 315 - 40%
11000 19.80 28.8 0.091 66.5 0.0537
mooo| 1| 27| -s0.6| 224! o0007| com| 25 0.355 12000 19.06 26.1 -01 84.4 -0520
1000 8| 95| —sL9| 21| o06| .oos| 7 307 13000 18.35 22.6 -087 62.5 20504
13000 125| 17| —s26| 24| oos| oo7| 204 23 14000 17.64 19. 2056 60.4 .0488
Mo0| 17| 13| —54.3| ;87| o5 .o07| 179 J227 15000 16.97 16.5 -045 58.5 “0472
15000 o1 | 121| —s48| =;&2| ooi| 005| 150 J194
15000 16,34 13.3 0.034 56.7 0.0457
16000 (| 08| —s54| 27.6] o0.004{ o0.005| 129 0. 166 17000 15,71 102 .07 54.9 -0443
17000 67 “s52| 78| .004| .005| 1L0 143 18000 15.12 6.8 -0z £3.2 20430
18000 57 76| —566| 24| ot los| 94 121 19000 14.53 3.6 .019 51.6 20416
19000 9 65| —s5.2| =217.8| ooa| eos| =1 Sl 20000 13.94 0.3 016 49.8 ~0402
20000 2 s6| —s63] 27| 008| ‘oot 69 ~059
21000 13.39 - 3.3 0.013 18.2 0.0389
21000 36 38| —s60| 210.0{ ooo4| owvos| 59 0.07 22000 12.88 -7 -010 16.6 -378
22000 31 s1| —se1| 2s9| .003| oos| L9 064 23000 12.28 “ild 007 45.0 ~0364
23000 26 35| —s0| 22.0| ooa| oos| 41 053 24000 177 “15.9 2006 43.8 ~0352
24000 2 29| —as0| 221 loos| loos| 35 5 25000 11.26 —20.7 -005 42.2 .0340
—-- 26000 10. -2.0 0.004 40.9 0.0330
27000 10,31 -315 -003 39.6 0320
: Year. 28000 9.84 “373 002 38.3 -0300
26000 9.41 “31 002 37.1 -0300
o1 22000 9.02 —47.9 002 30.0 ~0201
SMies.
ol 7ol 3| 11| 21| 105 | 105 | 930 1.202 -
sof 79|" ‘ese| 82| 23 &47 | 12 | Mo L1 s o3 -3 0.0 o 0.0913
7 6.46 85.2 -0002 26.9 -0217
000 | 677 123 26.3| 673 | 807 | 818 1,098
8 5.12 —67.2 -0002 2.4 .0173
2000 601] s01| 84 24| 441 | 588 | 7.1 0.9% -
ao| 1| 708 26! 2ae| 272 | 363 | 60 -%92 H Rt < - 0002 18 -Olas
w000] 60| 625 —35( 2605| 161 | 219 | 824 807 - : : - .
5000 412| 59| —100| 2080| 0.0 | 1.2 | 5.9 3 n 044
0| 82| 4s3| —165| 2385 0.5 | o7 | 507 0.855 H L8
7000 36| 4z —2m9| 2s01| .28 | .87 | 454 5% » rh
s00| 75| 3er| —206| 34| 183} (204 406 J524 H el
soc0| 2{ 9] —aez| ;e8| los0| ll07| 362 P -
10000 27| we| —a9| /1| o0 o3| 322 116
noo| 1mw| me| -a6s| me2| oow| ocozm| 24 0.367
12000 154 —50.4| 2226| .00 o3| 248 -321 Summer.
Mool 13| Ib| Coex| meel| 0| 0| el Eo
—5d. : . : -240
- 20,98 76.8 0.588 9.1 0.0735
15000 97| 12| —s56| 24| loot| loos| 160 207 1009 =% i3 g i3 0733
16000 g3 11| -s.5] ;e.5( o0.004| 0005] 138 0.178 200 . : . -0692
17000 7 —56.0| =a17.0| .004| .005| IL8 L151 300 o n2 -3 o2 o
18000 ol 81| —547| 283| .o04| .005| 10.0 1130 o x.% 7 320 .7 -0t
10000 58 7| <51 29| lwa| o8| ‘m6 112 - - . .
20000 1 61| —s009| 21| .007| .o09| 7.4 .006 a0 .25 @3 o210 7 0.0613
21000 Y 52| —40.3| 27| oowof ool es 0.081 : - . - -0506
23000 11 45| "se6| 24| .ou| 09| 53 ons e ne 5.2 18 ne -0678
28000 29 39| —ato| 200 lo:| lom| 44 L0587 1000 XY o 188 o2 R
24000 2 38| —40.3| 27| 03| o5l 3.9 -080 - - : . 4
25000 7 20| —40.3| ;a7| 02| .081| 34 o4 1o 2.2 8.4 o.119 &.5 0.0628
2000 . . ) -0614
26000 19 25( —a0.0| m4.0( oo oo2| 29 0.038 o B 2.8 -as &0 -Jou4
27000 16 21| —ag2| 2.8 .05/ .02| 25 032 o8
z00| 15| | —sso| =so| om| o5, z3 030 ux0t s 3.8 <018 5.8 -0
29000 1 19| —37.1| 235.9| ‘08| os7| 21 “028 17.40 82.4 -065 8.0 -0i68
30000 12 16| —sa8| 238.2] .0%0| .00 18 024 1000 1.7 =9 o0 3 o.0us
$1000 1 15| —aeo| 2eo| oom| ocoes| L7 0.021 e 6.4 1 3+ e ot
32000 10 13| —49| =:L1| .o4| .005| 16 . o s 23 -0 e -0
20000 14.37 15.4 ‘03 9.7 ~0401
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TasLx 4.—Mean values of atmospheric pressures, temperatures, vapor  TABLE 4.—Mean values of atmospheric pressures, temperatures, vapor

essures, and densities, based on_sounding balloon observations at essures, and densities, based on sounding balloon observations at
'ort Omaha, Nebr.; Indianapolis, Ind.; Huron, 8. Dak.; and Avalon, 'ort Omaha, Nebr.; Ind’tanapol_-is, Ind.; Huron,S.Dak.; and Avalon,
Cal. (English measures)—Continued. Cal. (English measures)—Continued.
Summer—Continued. Winter.
Altitude Altitude .
Temperu- Vapor e Tempera- Vupor e
fbgv;.‘ i Pressures. tures. pressures. Densities. Mx:;bgvt ) Pressures. tures. pressures. Densities.

Feet, Inches. °F, Inches. A Lbs./cu. fL. Feet. Inches. °F, Inches. [+ Lbs.feu. ft.
21000 13.82 120 0.024 a1 0. 03ms e .00 12.8 0.134 5.2 0.0708
22000 3. -6 : 6.7 .0377 . .8 1. -0770
23000 12.80 5.4 .017 45,2 <0365 2000 27.96 345 113 10750
24000 1228 19 ‘014 3.7 L0353 3000 26.96 30.6 12 “0728
25000 7 - 15 ‘012 2.2 ;311 10 25.96 .6 081 -0704

24, f N 0679
26000 118 =49 o.0t0 1.9 0.0330
27000 ) —& . 39.6 ., -
23000 10.43 —-1.7 ~007 38.3 -0309 g0 e s o.0c1 0.base
20000 10.00 —15.2 -006 37.0 - 029K §000 22.25 22.8 J5t 0612
2 20 9.57 —18.6 1005 3507 “028% o900 o 201 -0t a2
6 8.90 —24.7 0.010 3.6 0.0271 teoo 2.5 17.2 -39 -0572
7 7.08 —14.5 .004 2.0 -0226
8 5.50 —51.5 -001 2.8 -0134 11000 19.76 14.4 0.033 68,5 0.0558
g i3 —6.6 -0002 153 J014% 12000 18.08 1.7 038 .1 -0534
) —72. : 1.4 10116 3000 27 ' -02 4.1 ‘0517
. . 14000 17.8 54 Juie 62.0 -g501
}é % 54? :252:2 ﬁé 1;1% 0.00%0 15000 16. 2.3 ‘015 0.0 ~0484
. —50. . 6.6 . 0053 v
4 L% a4 “o008 51 -goit 17000 18:38 i %3 O 3454
. —13. -0000 . . 18000 14.95 —87 TR 54.8 ‘0440
. . 19000 14.82 -12.5 2008 52.6 10425
1 oo  Cie| %o 550 o ol 162 005 .8 -oit0
18 0.54 —3L.9 -0016 21 .0017
19 046 —-29.6 10020 L8 -0014 21000 13.13 —20.2 0.004 19.1 0.0396
20 0.39 —13 -0016 L5 ‘0012 22000 12.58 —22.8 -003 47,4 .0383
23000 12.08 —27.4 J02 5.7 ~0389
24000 11.50 —30.8 002 441 -0354
Fail. 25000 —34.2 002 428 “084¢
0 29,87 74.8 0.433 91.3 0.0737 g e - 0. oot 3 O
1000 28.91 70.0 .382 89.2 . quoo 9.65 —34.3 ool 38.2 " 0308
2000 3.9 &1 = HE or 20000 9.21 —47.2 J001 36.7 20298
4000 26,10 57.0 +265 82.7 0868 A0 8.82 —51 -0 B4 028
5000 -20 5.5 -3 80.2 -0848 ] 8.18 —54.0 0.0004 33.2 0268
6000 24.32 52.0 0.212 7.8 0.0628 : 5.8 -y o w2 it
i Bu 81 18 B8 -1 9 3.93 —66.1 10002 16.4 013
9000 21.73 a7 [135 711 ~0574 10 3.08 —8.7 - 0002 12.7 o102
10000 20.90 381 115 68.9 -0556
1 2.36 —66.6 0.0002 9.9 0.0030
11000 20.11 34.5 0.097 88.7 0.0539 12 L8 —66.1 0002 7.6 -0064
12000 e 0 068 8.7 0508 1 tol Taa 008 s 0085
) . : 3.7 -0508 . - : .
14000 17.80 23.2 .058 60.8 .0491 15 0.87 —50,4 -0002 3.4 .0028
15000 17,23 194 ‘049 50.0 .0476
16000 16.58 15.4 0.041 57.3 0.0462
17000 15.96 11.5 .035 55.6 .0449 Year,
18000 15.35 7.7 : 53.9 -0435
10000 . 3.7 1025 52.2 .0422
20000 14.17 0.1 . 50.6 .0408 lmg gg gg gg; o_,"g 83'? o_ggg
. -36, ) .
2000 L 38 0.0t7 N 0.0396 2000 27.98 59.2 a7 88.2 ‘0712
23000 12.51 ety ‘012 45.8 -0370 pr] 2.9 R -2 o - 0002
24000 11.97 —14.8 .010 44,2 .0357 - : y :
23000 11,50 ~184 ~008 42,8 20348 5000 25.08 80.7 213 80.5 -0850
6000 24,18 48.7 0.188 77.9 0.0629
209000 n.0 —x.0 0.00 i 0.0333 7000 23.31 455 .164 75.8 -0810
23000 10.08 g 4 ‘o e ‘on 8000 22.46 42.3 .41 73.4 .0502
30000 985 2350 " 004 e " 9000 21.63 39.0 .121 1.1 .0574
o o% B -0 .2 - 300 10000 20.80 35.8 1104 88.9 -0656
Miles. 11000 19.99 32.4 0.089 8.7 0.0638
$ 5 oy 0.002 .8 0.073 12000 1924 20.3 -078 64.6 0521
8 5.28 —64.7 ~0008 22,0 ‘0177 130 185 2.9 -00% &5 “Ja0
9 4.00 -—87.0 .0003 17.1 .0138 15000 17.13 19.0 . 046 58.7 0474
120 315 —88.1 -0002 132 .0107 " : - :
16000 16.49 15.8 0.039 57.0 0.0460
n 3.8 -2 0.0002 1.3 0.008 17000 15.84 12.2 .082 55.1 0445
H 1o - - 3003 9 - 0064 18000 15.24 8.6 o7 53.4 .0431
B 14 e o0 6.2 - 050 10000 .8 5.0 L0232 51.7 L0417
H = i3 s - o058 20000 14.02 1.4 ‘019 9.9 -0403
21000 13.46 —2.2 0.016 48.3 0.0890
1 b -1 0.0001 31 0. 0025 22000 12.91 -8.0 .013 46.8 .0378
m o8 s -0 2.5 -0020 23000 12.38 —9.8 o1l 453 +0364
- . . . . 24000 11.87 —13.4 -008 8.7 .0353
25000 11.30 ~17.0 .008 423 .0341




20 MONTHLY WEATHER REVIEW.

TaBLE 4.—Mean values of atmospheric pressures, temperatures, vapor

essures, and_ densities, based on_sounding balloon observations at

%rrt Omaha, Nebr.; Indianapolis, Ind.; Huron,S8. Dak.; and Avalon,
Cal. (English measures)—Continued.

Year,
Altitude N
'empera- Vapor Gt
l?.bémi Pressures. Soper presggres Densities.
Feet. Inches. °F. Inches % Lbs.jeu. ft.
10.92 —20.6 0. 40.9 0.033)
27000 10.46 —24.2 006 39.5 . 0319
28000 10.01 —27.8 .005 38,1 .0307
29000 9.59 -31.0 . 004 35.8 .0297
30000 9.20 —3.2 003 | 35.5 . 0287
Miles. ;
[] 8.54 —30.6 0.002 - 33.4 0. 027
7 8.77 —54.2 .001 | 27.4 .0222
8 5.31 —61.8 .0003 ' 21.9 L0177
9 4.13 —87.0 . 0002 17.3 0140
10 3.20 —69.7 . 0002 13.5 0109
11 2.52 —67.2 0.0002 10.6 0.0085
12 1.98 —62.3 .0002 8.0 . 0085
13 1.57 —b8.4 .0003 6.4 .0052
14 1.22 —50.1 . 0007 4.9 040
156 0.95 —41.6 .0014 3.7 . 0030
16 0.75 —33.8 0.0008 3.0 0.0025
17 0.63 —36.4 .0007 2.5 . 0020
18 0.55 —35.1 .0010 2.1 L0017
19 0.47 —36.8 . 0017 1.8 L0015
20 0.40 —44.0 . 0002 1.6 .0013
TaBLE 5.—Mean annual atmospheric pressures, Inn-%)eratures, and
denzsities at various heights above sealevel in England.
Altitude ”
'omper- ;
ibg-vi Pressure. ature. Density.
m. mb. °A kg./eu.m.
0 1014 282 1.253
1000 900 278 1.128
2000 795 273 1.014
3000 699 268 0. 909
4000 815 262 0.818
5000 568 255 0.735
6000 469 248 0.658
7000 407 241 0. 589

TaBLE 6.— Mean annual densities, as observed at Mount Weather, Va.,
in the ceniral and western United States and in England.

Central
Altitude Mount and
above Weather, | western | England.
M.S8.L. Va. United
States.
m. kg.jew.m. | kg.jeu.m. | kg./eu.m.
0 ’ /1. 226 4 Ilm d /1.253
1000 1.113 1,094 1,128
2000 1.002 0,084 1.014
3000 0.903 0. 892 0.900
4000 - 0.816 0.807 0. 818
5000 0.731 0,723 0. 735
6000 *0.672 0. 655 0. 658
7000 [..ceoecnnnnn 0. 586 0. 589

* Based on few observations; figures not regarded as reliable.
THE TURNING OF WINDS WITH ALTITUDE.
By WiLLis Ray GrEaGa, Meteorologist in Charge.
[Dated: Divislon of Aerological Investigations, Weather Bureau, Feb. 16, 1918.]

Free-air wind conditions, as observed at Mount Weather,
Va., have been summarized in the Bulletin of the Mount
Weather Observatory (v. 6, pt. 4) and somewhat more
bﬁeﬂfa;rn “Meteorology and Aeronautics” by Maj. Wm.
R. Blair, recently published by the National Advisory
Committee for Aeronautics as Report No. 13. The pur-
pose of the present paper is to gresent some additional
conclusions which may be considered as supplementar
to those given in the summaries mentioned; and whicg
are believed to be of considerable interest and value to
aviators.

JanNuary, 1918

In this summary no free-air observations at altitudes
less than 1,500 meters have been used. Those from 1,500
to 2,000 meters have been considered as having reached
a height of 2,000 meters. A large number of captive
balloon records also have been ignored, as they were made
when both surface and upper winds were variable, owing
to “flat map” conditions (i. e., no well-developed HiGH
or Low), and no regular or consistent turning of the winds
was apparent. Finally, on days when more than one
observation was made, only one has been considered, ex-
cept when the records were obtained under radically dif-
ferent conditions (e. g., before and after the passage of
a Low). With these exceptions, all free-air observations
ever made at Mount Weather have been considered, in-
cluding those in the diurnal series work and in the “ Inter-
national” records in 1913-14. These exceptions should
be borne in mind in connection with Table 1, which gives
the percentage frequency of winds at the surface from 16
directions.

TABLE 1.—Percentage frequency of surface winds from 16 directions.

Direction. | Frequency.

N
3
o
i

pEERuwpeaalpopooe
€N = R RO GO @ 6O 00 OO SH 00 GO O i GO

The values in this table are slightly different from
those in Table 22, v. 6, part 4, Bulletin of the Mount
Weather Observatory (repeated in Table 2, p. 44, of Re-
port No. 13, Meteorology and Aeronautics). The latter
table is, however, based on observations during 1911-12
only and includes those in which an altitude of less than
1,500 meters was reached. Of the observations in the
summer months to a height of less than 1,500 meters,
a large proportion were made with a surface wind from
north-northeast to east. This wind was in nearly all
cases very shallow, and above it there was a layer about
1 kilometer in depth with little, if any, wind. At
hifher levels clouds, if present, usually indicated a west-
erly wind. Those observations in winter to less than
1,500 meters in height were usually made in a surface
westerly wind whic, ra.gidl increased in velocity with
altitude, thus beating the {dtes down. It is probable
that these winds would show about the same turning

tendencies as those indicated later for the westerly
winds

TABLE 2.— Mean turning of winds wlthmaugvude, when surface winds are of moderate
ocity.

Percentage turning—

Diosier | epler
af s | of obser-

surface. | vations. | Clook- | COREE™| ot

wise. wise, turning.

N.to ENE. 31 %45 %35 %m

. 50 76 12 12

474 M 2 4

46 76 7 17

100 51 13 37

298 41 20 30

337 20 40 31

35 38 a2




